Introduction and background
Mining is a fundamental part of the industrial landscape with miners, and the metals, minerals, and rocks they extract being foundational to all aspects of culture, the economy, and the social and political fabric. However, the miners who extract this wealth work in highly hazardous environments and over the decades, thousands of miners have died from explosions, leaks of poisonous gases, collapsing of mine stopes, flooding, or general mechanical errors. Despite the attention that these traumatic deaths rightly receive, more miners are dying from occupational diseases and cancers, such as asbestosis, mesothelioma, silicosis, lung, nasal and gastrointestinal cancers, chronic obstructive lung disease, and emphysema. Miners are dying from occupational diseases in orders of magnitude higher than from injuries, due to their cumulative exposure to chemical and biological agents underground as reported by Del Bianco and Demers (2013) .
The focus of this study is on the Ontario mining sector where there is a significant and growing discrepancy between a much larger number of occupational disease fatalities in comparison to fatalities from injuries and accidents. In the last ten years, claims for workers' compensation for Ontario miners have been accepted for 24 traumatic fatalities, but 193 fatalities from occupational diseases [1] . This is a trend that is repeated across Canada, where between 1997 and 2010, there was a 216.4% increase in accepted claims for mesothelioma, a 575.0% increase in accepted claims for lung cancer and a 512.5% increase in accepted claims for other cancers [2] . Their analysis shows that the pattern in Ontario is even more striking, with cancers "far surpassing traumatic injuries in more recent years," accounting for 63% of all work-related fatality claims in 2010, compared to 23% of accepted claims for traumatic injury deaths.
The trend world-wide is harder to demonstrate since estimating the global burden of work-related deaths is quite difficult and estimates are likely under represented [3] . Given these limitations, it has been estimated that between 2 and 2.3 million deaths annually are work-related [3, 4] . Recent analyses have estimated that most of these are likely the result of occupational diseases [3, 4] . In industrialized countries, the ratio of work-related deaths due to disease versus injuries is higher than in developing countries [4] . In the US in 2007, there were estimated to be more than 5,600 work-related deaths from injuries and more than 53,000 from work-related disease [5] .
This study attempts to gain a deeper understanding of the impetus for change to reduce occupational exposures or toxins in the mining industry. It focuses on one mining community in Sudbury, Ontario, with a high cancer rate, and its reduction in occupational exposures. It explores the level of awareness of occupational exposures from the perspective of industry and worker representatives in some of the deepest mines in the world. Although awareness may be necessary, it is often not a sufficient impetus for change, and it is this gap between awareness and change that this study attempts to examine at the industry level. It examined whether awareness of occupational disease was an impetus to reducing toxic exposures in the mining sector, and explored other forces of change at the industry and global levels that may have led to an impact on occupational exposures in mining.
This study builds upon an examination of another city's reduction in occupational exposures. It was based in the city of Sarnia which is in south-western Ontario, close to the city of Detroit in the U.S. that has the highest rate of mesothelioma and lung cancer in Ontario. It is known as the petrochemical centre of Canada. The study examined the work of the community and unions to raise awareness of workers dying from asbestos exposure [6] . A large number of workers who had worked in two very toxic work environments with concentrated asbestos exposure were afflicted with high rates of lung cancer and mesothelioma. The unions and the community mobilized to get compensation for these men and their families. The city of Sarnia seemed to be such a unique case that a further study was deemed necessary to act as a comparison to Sarnia, and hence a study was initiated in the City of Sudbury that has the second highest cancer rates in Ontario.
Sudbury is a city of 160,000 in north-eastern Ontario. It is situated in a valley created by a meteorite that hit the earth 1,850 million years ago [7] . The impact of the meteorite left the area richly endowed with nickel, copper, and precious metals [7] . Sudbury has been a mining town for more than a 125 years, with the first copper sulphide deposit detected in 1883 [7] .
Historically, the two largest mining companies in Sudbury have been Inco (about 80% of production), which was bought out by the Brazilian company Vale in 2006, and Falconbridge (about 10-20% of production), which was bought out by the Swiss company Xstrata in late 2006 (which was in turn bought out by Swiss Glencore in 2013). Between the two companies, in the 1970s, they employed over 25,000 workers, over 25 percent of the Sudbury population (which was most of the male workforce). Since the 1970s, Inco and Falconbridge went from controlling 25% of world-wide nickel production, to being just 5% of the world market and having little control over the price of nickel [7] .
As mentioned, Sudbury was chosen as this study's focus because it has one of the highest rates of occupationally-related disease in Canada, including lung and nasal cancer, respiratory disease (including silicosis), and chronic obstructive pulmonary disease (COPD) (Fig. 1) . One of the reasons for this elevated rate was the high exposure to a mixture of nickel compounds, such as nickel sulfides (including nickel subsulfide), nickel oxides, and nickel carbonyl from a sintering plant that separated sulphur from the nickelrich ore that operated in the north Sudbury area of Copper Cliff from 1947 to 1963. It was a highly toxic environment that led to cases of lung and nasal cancer several times the provincial average [8] . This dirty, toxic environment has led to hundreds of lethal lung and nasal cancers, and other respiratory diseases amongst the sintering plant's workers.
Another major source of cancer was from working in the uranium mines in Elliot Lake. For the years 1954 to 2007, the rate of lung cancer cases and deaths among Elliot Lake uranium miners was 30% higher than those of the Canadian population [9] . Sudbury and Elliot Lake are relatively close to each other (170 km), and there have been constant migrations of miners between the two cities depending upon the availability of work. Between 1928 and 1987, half of Ontario's hard rock miners had worked in multiple mines in the north, extracting different resources. Of the 39,000 nickel-copper miners in northern Ontario, 30% had also mined uranium in Elliot Lake [10] .
Sudbury was also chosen for the study since it offered the opportunity to acquire a deeper understanding of the impetus for change to reduce occupational exposures or toxins at the industry level. Some of the changes that have had an impact on the health on miners include an increase in awareness of occupational diseases, modernization in production processes, and changes from globalization. 
Methodology
This qualitative case study examined a systematic approach to the reduction of toxic occupational exposures in the mining sector in Sudbury, Ontario. The inquiry was driven by an examination of whether awareness of occupational disease has led to initiatives to reduce toxic exposures in the mining sector, and explores the other forces of change in mining and at the global level that have had an impact on occupational exposures in the mining sector in Sudbury.
Sample and procedure
The analysis of the data was conducted from the theoretical perspective of social constructionism [11] , with the idea that the two groups would view the forces of change that have had an impact on worker health from different perspectives and assumptions, and that the final story of what had happened and what was happening would be created from achieving an understanding of these different viewpoints. To this end, the study was informed by the qualitative analysis of interviews and focus groups. It also included a review and content analysis of newspaper clippings from Sudbury newspapers that covered labour action from 1970-1985 [12] . These clippings are located in the main library in Sudbury within the Mary C. Shantz collection. The clippings came mostly from the Sudbury Star, but also from the Globe & Mail, and Northern Life.
The study received ethical approval from the Waterloo-based Community Research Ethics Board. Interviewees were approached with a letter of information and a brochure describing the study. Each interviewee signed a letter of informed consent approving the interview, being recorded, and acknowledging the confidentiality of their comments.
In order to gain an in-depth understanding of the dynamics of this complex environment, during 2014-2015, 42 individual interviews and four group interviews (38 people participating) were conducted with industry representatives, members of organized labour, local politicians and academics, and community members. To achieve consistency, interviews were conducted face-to-face, by one person (DK) on the research team. There were a total of 31 hours of recording. Three of the interviewees were interviewed more than once; three people declined to be interviewed.
Interviewees were recruited through a snowball method; a few existing contacts in the unionized labour movement, industry, and government representatives were initially contacted and interviewed, and they in turn helped identify and introduce the study to further key contacts. When these key people were identified, they in turn confirmed whether or not the expanding list included those whose opinions, experiences and positions could help inform the study. Most of the interviewees had lived in Sudbury and/or Elliot Lake during the years 1970-1985, had a connection to mining, and had witnessed the changes during the pivotal years. Many of them continue to live in Sudbury and remain involved in the development of the community, labour, or mining companies, and can reflect on the changes they have witnessed. A few could only comment on present-day experiences in the mining sector. Interviewees were divided into five groups: 12 miners; 10 industry representatives; nine community members; five academics; six politicians, and two labour and two union groups (38 people participating).
From the 42 interviews, 12 labour and 10 industry interviews, together with data from the four focus groups, were chosen for further analysis to gain a deeper understanding of industry and labour's views on the changes in mining and the impact on miners' health from occupational exposures. The results from this subsection of the data is the focus for this paper. The 12 workers that were classified as "labour" for this study, were members of one of the two unions that represent most miners in Sudbury, executives of the union locals or umbrella labour organizations with mining experience, and union representatives that helped miners get disability and compensation. The 10 interviewees that were classified as "industry" included 3 mining executives, 3 professionals who worked for mining companies, 3 representatives of mining associations, and an executive of a mining research company (multiple interviews occurred with three of these interviewees). The four focus groups were: 8 retired miners with very diverse mining experience; 5 union representatives; 5 industry employees who were part of a mining health and safety department; and 20 industry health and safety representatives attending a mining safety conference.
Conceptual framework
A semi-structured interview schedule was developed based on a previous conceptual framework developed by this research group. The Dimensions of Community Change Model (see Fig. 2 ) was based on the literature of community change [13] [14] [15] and the previous study on how the City of Sarnia had responded to rising awareness of very high rates of lung cancer and mesothelioma due to workers' high exposure to asbestos in the early 1990s [6] . There was ongoing analysis while the Sudbury interviews were being conducted, and as themes emerged, both the interview schedule and the conceptual framework for the study evolved. The questions that led the semistructured interviews and focus groups were: whether they thought occupational exposure was still an issue with the mining industry or the unions; whether they thought that awareness of occupational exposures had had an impact on industry and its unions; what role had industry and the unions taken in regard to occupational exposures; what they considered the major forces for the changes they had witnessed; what were some key events in the occupational health and safety history of Sudbury and their impact; what changes had they seen since the 1970s including changes in the social, economic, political, environmental and occupational contexts; and what did they predict for the future of Sudbury's mining sector.
Data analysis
The interviews and group discussions were recorded and professionally transcribed, and entered into NVivo computer software. The initial content analysis [16] was conducted by two of the research team through an immersion with the data and in discussion with each other. The first layer of analysis was conducted manually using matrices as a tool, and then supplemented with line-by-line coding using NVivo software by a team member (EH) who had not conducted the interviews. The data from the industry and labour interviews and focus groups were separated so that comparisons could be made between the two groups, and then comparisons were made across the two groups. A second layer of analysis was with the researcher who had conducted the interviews (DK); quotes were selected to represent the emerging themes.
Since the interview schedule was based on the variables of Dimensions of Community Change Model (Fig. 2) , those variables created the foundation for the initial coding scheme. However as new ideas and concepts emerged, and their properties and dimensions were discovered during the course of the analysis [16, p. 101] , new variables were added. In this way, a tentative conceptual framework was created. Four other researchers in the research team (DK, LH, KM, SK) listened (or re-listened) to all of the interviews, and were part of the discussions and interpretations of the data. As new themes emerged, new versions of the conceptual framework were created. In this way, and in conversation with the full research team, the Forces of Change Model was created (see Fig. 3 ). 
Results and discussion
The themes that emerged from our study were clustered into three categories: 1) Awareness and importance or value placed on occupational diseases versus fatalities from accidents; 2) The mining sector in Sudbury (including the history of labour action, the impact of modernization, the diminishing power of the unions, social networks, shared values regarding safety vs. profits, and leadership); and 3) The external environment (including the fluctuating price of metals, the impact of foreign ownership of the mines, and changes in occupational law). These concepts are discussed in the section below.
Awareness of occupational diseases
All the interviews started with a question about whether there was an awareness amongst workers and industry representatives of exposure to hazards that could lead to diseases and cancer in miners. The question tried to help establish a link between the awareness of occupational exposures as a problem, and whether action has been taken to reduce these exposures as a result of this awareness.
Awareness of occupational exposures has
increased over the years Interviewees from both groups said that presentday awareness of occupational exposures is high in this dangerous mining environment, and that the work-relatedness of diseases and cancers is evident. The interviewees from the worker group said that workers have been aware of the hazards inherent in their jobs for decades, due particularly to the activist work of Homer Seguin in the 1970s and 1980s to raise awareness of the high rate of cancer fatalities amongst gold and uranium miners.
In order to examine whether awareness of occupational exposures is a relatively new phenomena, a review and content analysis of newspaper clippings from Sudbury newspapers that covered labour action from 1970-1985 [12] showed that awareness of and action taken on occupational disease (rather than fatalities from accidents) is probably more a reflection of present-day awareness. In this time period, occupational disease only received coverage in two circumstances. First, when there were reports on the Ham Commission that highlighted that workers were ill and dying from exposure to silicosis and radiation in the uranium mines of Elliot Lake. The other was a discussion about the need to establish an occupational health clinic in Sudbury (which was opened in 1992 [17] . There were four fatalities in the Sudbury area during the time of this study, and these fatalities were very much on the minds of most of the interviewees. Even those who expressed awareness of occupational exposures, noted that these immediate and horrendous fatalities mostly eclipsed the concern for diseases and cancers that have a long latency period.
As Interviewees from both groups mentioned with pride the past actions taken by key leaders in their groups to improve working conditions in the mines. When these groups talked about leadership, they made it clear that the link between awareness and action on occupational disease had been achieved through their leaders' trailblazing.
The miners look back on their union leadership and the battle that was waged for worker health and safety. They talked of the advocacy of Homer Seguin, but also about the present international President of the Steelworkers Union of North America, Leo Gerrard. However, these unionized workers mentioned the need for solidarity from a larger membership to support their leaders. fear about a lack of future leadership was also expressed by the union representatives. The fear was expressed that few strong leaders are emerging in the mining sector, and even if there were some, they would still be missing the solidarity of a large union membership to support them.
Heightened awareness of occupational disease and leadership from the unions and industry has had an effect, but as the previous mention of globalization indicates, the interviewees also mentioned other forces of change within the mining sector in Sudbury and in the external environment that have had an effect on the health of miners.
Impact of changes in the mining sector on occupational exposures
Other changes that have had an impact on the health of miners in the mining sector are the modernization of mining technology and processes, as well as external forces including the fluctuation of the price of nickel, globalization and the buy-out of the mining companies by foreign owners, and the changes in occupational health and safety legislation (see Table 1 ).
The health impact of the modernization
of the mining sector Sudbury has had many and some very long union strikes, shutdowns and layoffs that have all had an impact on the health of miners (see Table 2 ). The strike of [1978] [1979] , which lasted 11 months, was followed by a 10-and 8-month shut-down of the mines at Inco and Falconbridge in 1982 [7, 18] . Nickel prices were down and the contract with the unions had expired. A large number of miners were laid off during the shutdowns, and employment numbers have gone down steadily from then. Numbers are difficult to track with certainty, but the number of unionized miners has probably fallen from a high in 1971 of over 25,000 miners employed by Inco and Falconbridge (some said that the numbers were as high as 30,000 miners), to a low of 5,000 (or even as low as 3,000) unionized miners in the mines now (this does not reflect the number of contracted non-unionized workers also working on the premises) [7] .
The companies chose to use the strike and shutdown in the early 1980s to re-mechanize and re-tool. The upgrading was also an opportunity to reduce SO 2 emissions and reduce the mines' dependence on expensive and unpredictable labour. It is possible to plot the correlation between employment, SO 2 emissions, and nickel production before these pivotal changes, and then the decoupling of employment numbers and productivity after 1984, as employment and SO 2 emissions went down while production was maintained or increased (see Fig. 4) .
Although an increase in the awareness of occupational hazards has made a contribution to the reduction in occupational exposures, the improvement in the health of miners could be considered more as a "collateral benefit or damage" of the systemic changes in the mining sector. Mechanization, automation, technological change and more recently, the use of robots in mining, has transformed the underground mining environment. There has been elimination, substitution, or reduction of some of the worst toxins, and hence lower exposures for presentday miners. However, modernization has led to a reduction in the number of unionized miners, decline in union power, and an increase in contract workers. As an industry executive commented, "There's more computerization, more robotics, and now man-less mines. [From this], processes become more efficient. And yes, there will continue to be an erosion of employment."
So although the modernization may have improved the mining environment for those who still work underground, the number of workers is now a fraction of what it was. Although there are fewer workers now exposed to occupational toxins, there has been a significant loss of well-paying, unionized jobs. "It completely changed the nature of the work that people do," said a union member.
"Some would say that when you introduced automation and new technology, it improved the workplace. It makes it less hazardous. But what you've done is you've introduced new problems and created new [social] issues."
The drop in unionized workers has also led to a decline in resources and capabilities of the unions. Unions are less able to engage in the activism or awareness-raising on occupational fatalities as they did in the past, which all the labour interviewees mentioned as critical. The unions also no longer have the power they once had to negotiate with industry. As a union activist put it, "The employer won ' A third consequence of the decline in union power is the rise in non-unionized contract workers. Vale and Glencore have both outsourced production to contractors and contracting companies. The interviewees reported that these contractors are doing more dangerous and highly exposed work in part because they are non-unionized and have low job security; it is presumed that these workers are reluctant to report unsafe work. They are also highly mobile, changing employers and locations depending upon where the work is. Consequently, it is difficult to track if, or when, or where they could have been exposed to toxins that might have a long-term effect on their health. There was a persistent theme amongst the worker interviewees that in general, unionized workers are more able to resist unsafe work than contract workers, and losing one's unionized job would be a great loss. "If we find that a job is too dirty and we raise too many concerns around it, well they're going to contract out that work. So [the question is] do we expose ourselves to that hazard and keep the work, or do we not do that work and know it will get contracted out?" said a union representative.
The health impact on miners from external
forces The health of Sudbury miners has also been affected by global changes that have occurred in the mining sector. The fluctuating price of metals, foreign ownership, and changes in occupational legislation have been major drivers of change.
The price of nickel is the indicator of the health of the industry, and the possibility of new investments; it has an indirect impact on the health of the mining sector and the employment of workers. Since nickel was essential for the production of munitions including tanks and guns, the price has skyrocketed at times of war (WWI, WWII, Korea, Vietnam, and the Cold War). However, it can drop equally precipitously when new metal ores are discovered, companies stockpile, or demand is low. Recently, in a 12-month cycle, the price of nickel, having been static for three decades, plummeted from a high in September 2014 of $20,000 per tonne, to a low in July 2016 of $8,000 per tonne [19] . The change in ownership of the two major mining companies has also had an important effect on Sudbury's mining sector and occupational risks in the mines. In 2006, Inco was sold to the Brazilian company, Vale, and Falconbridge was sold to a Swiss company, Xstrata Nickel. Yet one more change of ownership occurred in 2013 when Xstrata Canada was bought out by the Anglo-Swiss company, Glencore. Vale and Glencore are large multinationals with diverse holdings around the world. With these buyouts, the mining sector in Sudbury became a casualty of globalization, and went from being the world's capital of nickel mining, to being just one of many international mines around the world and a very small part of their international owners' holdings.
Despite a history of antagonistic labour relations, including regular and sometimes devastating strikes, a sentimental longing for the "good ol' days", however paternalistic they were, has emerged for "Mother Inco," primarily because it was a Canadian company. Concerns about the transfer of ownership to Vale were expressed by both labour and the industry interviewees. Implicit in many of the comments was the belief that foreign ownership meant less care for workers, including health and safety and occupational exposures.
In The third external force of change that was mentioned by the interviewees as having a significant effect on miners' health was labour legislation that has led to improvements in the mining sector. The fatalities from injuries and from occupational disease in Sudbury and Elliot Lake directly led to the establishment of the Royal Commission on the Health and Safety of Workers in Mines in 1976, which in turn, led to Ontario's provincial Occupational Health and Safety legislation in 1978. An Ontario Ministry of Labour Mining Review Panel [1] was taking place during this study. Many of the industry and labour interviewees for this study were involved in this Review. The Review was established as a response to the number of critical injuries and fatalities in Sudbury, but it also included an examination of occupational diseases related to mining. Eighteen recommendations emerged from the Review. The most significant recommendation on occupational exposures was that the Ministry of Labour should review the occupational exposure limits for silica, nitrogen dioxide and diesel particulate matter (DPM).
Legislative changes that demand higher standards of safety and higher standards of reduction in toxins are often regarded as the most significant of possible impacts from awareness of health and safety hazards, and are often the focus for unions' advocacy. However, regulations need to be supported by enforcement to be effective. Despite the long history of occupational health and safety legislation in mining, labour representatives expressed their concerns about the effectiveness of the legislation to protect workers' health. As one interviewee said, "The leg- 
Limitations
The focus of the study is its major limitation. Case studies are by definition limited in their ability to be generalizable; the community of Sudbury was not randomly chosen; and only the opinions of a select number of key informants have been included. The key informants from industry and labour are only part of much larger number of interviewees and they came to this discussion with very particular viewpoints which are not necessarily reflective of the full dynamic of the changes that have taken place in Sudbury. As such, the social constructionist [16] approach taken to this study helped to orient these different viewpoints that came from different sources, and brought these viewpoints together to gain an understanding of the situation at hand.
Taking these limitations into account, this study is one of only a few studies that have looked at the awareness of occupational exposures from the perspective of industry and labour as an impetus for change, and no studies to this date have examined the social forces of change that have led to the reduction of industrial exposures in Sudbury.
These results can contribute to a wider analysis of the resources and leadership required for industries to make changes that will reduce occupational diseases, and contribute critical information for communities that wish to remediate their environments after damage from industrial exposures.
In conclusion, the study reinforces the idea that although awareness may be necessary, it is often not a sufficient impetus for change especially when the change that is required is the remediation of such a complex and potentially contested problem as occupational exposures in the mining sector. In this case study, other forces of change at the industrial and global levels have had a greater impact on the reduction of occupational exposures in mining than awareness alone could have achieved.
